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A  GGKV9B33EST  SHOCK  XI.VK  IN  a  r£AT  CONDUCTING  GAD 
s,  .I.2abafeakhin,  V.A.Gioone  r.ko 
(Moscow) 

A  conver-;nt  spherical  wave  is  intensified  to  infinity  as  it  ap¬ 
proaches  the  center*  as  determined  by  Gudsrlcy  W  and  L.D.Landeu  and 
by  K.P.St sn^j'.iovich  [2^  who  proposed  an  automatic  ooael  solution  of  a 
pure  /;as- dynamic  a  problem  relating  to  the  focusing  of  a  wave.  However* 
ir.  the  courcce  of  a  similar  physical  occurence  we  can  expect  a  etren- 
effect  of  heat  conductivity,  since  ths  resulting;  fcijh  toop.ratura  "ives 
rise  to  a  radiant  heat  exchange. 

It  is  worthwhile  to  exaninc  the  focusing  of  n  vwve,  tekin"  into  ac¬ 
count  the  abov^  factor,  and  in  particular  to  determine  whether  a  cumula¬ 
tion  of  unlimited  energy  can  also  taka  pice.*  under  thi3  p  re  mis. . 

for  simplicity  we  will  analyse  the  cas.  of  a  wave  of  a  power  only 
sufficient  to  produce  a  balance  of  radiation  nnd  natter  at  all  points, 
in  which  the  width  of  the  heat  zone  in  larje  coopered  to  the  ran^s  of 
radiation,  and  only  during  the  wave's  early,  st  si  jp* ,  wh.cn  its  width  is  still 
smaller  than  its  radius. 

K-*et  conductivity  erodes  the  wave  front  i  a  none  of  heat  and  of  <j«.» 
ooverrent  is  fonr.ee  ah.ac  of  the  advancing  consolidation.  TIu  ^ensral 
features  of  this  effect  are  described  in  a  book  by  Ya.B.Se l'dovich  and 
U.r.R a^r  [j]  . 
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Y/e  will  first  calculate  the  v;:l dth  of  the  heat  zone  -or  a  fl-i*< 
tionary  wave  and  for  this  purpose  will  writs  the  conservation  equations 
for  a  wave  moving  through  a  cold  gas* 

pit  =  PqD,  p  “T  pll~  —  !>„£* 


Here,  ft  -  the  flow  of  heat,  the  retaining  symbols  arc  conventional 
ones  (the  wave  lies  within  the  adopted  system  of  coord iu.-.t.  r ) . 

Let  us  examine  th*  care  when  the  radiant  energy  participates  only- 

in  th*  heat  exchange  ,  hut  its  density.*  Vc)  ia  s*in  loH»  *•  co:^ 

pared  to  p/(y  -  l),  that  in,  v~  .ill  be  using  the  ideal  gas  state  equa¬ 
tion  p  »  (R/p.)^)T  ,  neglecting  the  pressure  of  radiation. 

For  radiant  conductivity _ _  _ 

0  -  ~-.r  f—  <72°; 

'  3  w  l  «  /  ; 

where  c  -  velocity  of  light,  i-  distance  covered  by  radiation. 

If  thia  is  determined  by  comptonic  diffusion,  then  _ 

'  l  p_;  i  “  L  vPo  /  ?)  (4 5=1  co-*si) 

Thus,  we  have  four  equations,  using  which  wj  can  express  u,  p.^ 
and  dT  /  dx  in  terms  of  T. 

Omitting  the  computations,  we  present  the  final  result  fer  magni- 

tudas  ^  and  dT  /  dx*  _  _  _  .  _ 

i  1  $  nijtft  — -  1  >  _V«  r* 
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Here  -  the  ultimate  temperature  behind  the  wave; 


gradually  and  the  temperature  attain*...  by  that  tiro  will  be  in  tho 
order  of  a  oaxioua  for  the  entire  process. 

In  the  converging  wave  D  »-  A  /  r6^  (Od®0.595  -f  or  Y‘*  >  where 

A  characterizes  the  power  of  the  wave  (its  velocity  on  a  unit  radius). 


Let  us  determine  the  characteristic  dimension'  of  the  wave  rD  » 

i 

tuning  that  S  is  approximately  rQ  .  Substituting  the  expression  for  D 
into  equation  (5)  Hnd  talcing  S/^/rQ  ,  we  obtain  the  rel-tion  for  rQ  , 
fron  which  vte  find 


Now  let  us  determine  the  maximum  tsrnpe  r»ture  of  the  process.  In 
the  shock  wave  T  D2  /  R  ,  which  means  that  in  a  converging  w;.ve 

T^JiA2  /  R  rZ<< 

Substituting  r„  for  r,  w.  obtain  ?n  expression  for  the  rcsxinun 

°  .  Q  r  • 
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Specifically,  for  Y*  «**  1.4  (a«*C.j95) 


r,,m  —  coin.;  /»»••■>.* --a-vi  (£cr)*A* 

In  which  conct  -  a  dimensionless  coefficient, 
it  can  be  found  only  through  e.  complete  solution  of 


:a 

approximately  unity} 
the  problcn  relating 


to  the  focusing  of  a  heat-conducting  wave,  which,  in  principle,  can  bo 
accomplish: d  numerically. 


And  ao,  in  the  presence  of  heat  conductivity,  the  temperature  at¬ 
tained  is  United,  but  because  of  the  intensification  of  the  wave 
(increment  A),  it  can  bu  cade  aa  groat  as  desired.  In  that  senao,  li¬ 
mitation  of  temperature  by  heat  conductivity  is  not  mandatory. 


Th1.-  schema  of  focusing  of  a  .-.■ivc  in  the  case  under  consideration 
is  illustrated  by  sketch. 

The  heat  wave  and  3hock  wave  reach  the  center  in  that  order,  iach 
on-  of  them  is  deccribod  near  the  conter  by  their  3e lf-acds ling  solution 
(which  we  will  not  discuss),  but  there  is  no  combined  se lf-taoceling  so¬ 
lution  for  this  entire  process. 

Let  us  analyse  qualitatively  the  behavior  of  the  chock  wave  near 
the  center. 

During  its  focusing  stage  the  temperature  r-cainc  constant,  near 
tlio  center  it  does  not  depend  on  r,  nor  on  t,  in  other  words,  ths  wava 
is  isothermal.  Its  amplitude  could  move- toward  zero,  an  ultimate  limit, 
or  tovrard  infinity  (disregarding  oscillations).  V/e  will  demonstrate  that 
a  third  possibility  is  actually  realized. 

Tendanoy  toward  zero  can  be  excluded,  sinco  we  know  that  any  weak 
shock  wave  does  not  become  weaker  near  its  cantor,  but  becooos  intensi¬ 
fied  according  to  the  law 


If  the  amplitude  strove  toward  an  ultimate  limit,  the  wave  near  it* 
canter  would  be  described  by  a  self- mode linj;  solution  of  constant  ampli¬ 
tude.  An  attenpt  to  oubstitute  3Uch  a  solution  into  the  equations  of 
motion  reveals  the  fact  that  it  does  not  satisfy  them.  Only  tiia  third 
possibility  remains,  namely,  that  of  unlimited  increase  (ths  law  gover¬ 
ning  thin  increase  has  not  been  dete reins  d  ).  And  so,  heat  conductivity 
has  only  modified  ths  unlimited  cumulation,  but  has  not  eliminated  it* 


in  place  of  a  United  density  and  an  unlimited  temperature  we  now  have 
■n  vMi»ataw  temperature  and  an  infinite  density. 

The  authors  thank  U.P.Rayzer  for  hia  helpful  comaenta. 
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